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PHYSICALLY COMPACT DEVICE PACKAGE 



Background of the Invention 

5 Device packages act as a heat sink to draw heat away from devices housed by the 

package, and provide a means for interfacing devices to a circuit board or other system. Heat 
sinking lowers the operating temperature of the devices, generally improving reliability and 
increasing the MTBF (mean time before failure) of the devices, as the MTBF generally 
increases as operating temperature is lowered. 

10 In the known device package 10 shown in Figure 1, a device 12 is mounted on a heat 

sink 14 that is embedded in a plastic body 16. The plastic body provides structural support 
for conductive leads 18 that interface the device to a circuit board external to the device 
package. As the plastic body is an insulator, heat conduction through the plastic body 16 is 
generally very poor. Furthermore, the plastic body increases the footprint XI of the device 

15 package 10 beyond the footprint X2 of the heat sink, causing the device package to be larger 
than the heat sink. As a result, in this type of device package, the device does not benefit 
from reduced operating temperatures that would result were the heat sink to occupy the full 
footprint of the device package. 

20 Summary of the Invention 

A device package constructed according to the embodiments of the present invention 
has a conductive substrate with at least one mounting site on a top-side, and an insulating 
substrate with a first side on the top side of the conductive substrate. The insulating substrate 
has at least one aperture providing access between a second side of the insulating substrate 
25 and the one or more mounting sites. The second side of the insulating substrate has one or 
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more signal paths that couple the one or more apertures to contact sites disposed about the 
insulating substrate. Conductive tabs are coupled to corresponding contact sites. 



Brief Description of the Drawings 

5 Figure 1 shows a prior art device package. 

Figures 2-3 show device packages constructed according to embodiments of the 
present invention. 

Detailed Description 

Figure 2 shows a device package 20 constructed according to the embodiments of the 
10 present invention. The device package 20 includes a conductive substrate 22 that forms a 
heat sink for a device 23, when a device 23 is mounted on a mounting site 25 on a top side 
22a of the conductive substrate 22. In this example, the mounting site 25 is recessed in the 
top side 22a, but the mounting site 25 is alternatively coplanar with the top side 22a of the 
conductive substrate 22, or even protruding above the top side 22a. In each of these 
15 alternative configurations, the mounting site 25 is still considered to be on the top side 22a of 
the conductive substrate 22. In the device package 20 (and the device package 30 shown in 
Figure 3), the conductive substrate 22 forms a heat sink that defines the footprint X of the 
device packages 20, 30. In the example shown, the mounting site 25 is shown having 
optionally included sloped or curved walls that form an optical reflector for the device 23, in 
20 the event that the device 23 is an optical device. 

An insulating substrate 24 is layered on the top side 22a of the conductive substrate 
22, with a bottom side 24a of the insulating substrate 24 proximate to the top side 22a of the 
conductive substrate 22. The insulating substrate 24 is typically layered on the top side 22a 
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using polymer-based adhesives, inorganic-based adhesives or solder. However, the 
insulating substrate 24 can be vapor-deposited or can otherwise be created or positioned onto 
the top side 22a of the conductive substrate 22. 

The insulating substrate 24 has an aperture A providing access between a top side 24b 
5 of the insulating substrate 24 and the device 23 mounted at the mounting site 25, when such 
device 23 is present in the device package 20. While one aperture A is shown, the insulating 
substrate 24 alternatively has multiple apertures, for example, to accommodate multiple 
mounting sites 25 on the top side 22a of the conductive substrate 22 in the event that there are 
multiple mounting sites 25 dispersed on the top side 22a of the conductive substrate 22. In 

10 the example shown, a device 23 is positioned at the mounting site 25 and wire bonds pass 
through the aperture A, coupling the device 23 to traces, or signal paths 26 on the top side 
24b of the insulating substrate 24. 

The signal paths 26 typically provide conductive coupling between the region of 
aperture A and corresponding contact sites 27 disposed about the periphery of the insulating 

15 substrate 24. The contact sites 27 in turn have corresponding conductive tabs 28 that are 
coupled to the contact sites 27. The conductive tabs 28 shown in Figure 2 are gull-wings. 
These conductive tabs 28 are coupled to corresponding contact sites 27 using solder balls 29, 
as shown, or the conductive tabs 28 are coupled to corresponding contact sites 27 via 
conductive epoxy, spot welding, solder, mechanical fasteners or other conductive couplers. 

20 The gull-wings have leads 28a that are sufficiently parallel to the conductive substrate 22 
(shown in Figure 2) to form the device package 20 into a configuration compatible with 
surface mount technologies or processes. In the configuration compatible with surface 
mount technologies or prpcesses, the leads 28a of the gull- wings protrude from the footprint 
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X of the device package 20 as shown in Figure 2, or the leads 28a are folded under the 
conductive substrate 22. Alternatively, the leads 28a of the gull-wings are sufficiently 
perpendicular to the conductive substrate 22 to form the device package 20 into a 
configuration compatible with thru-hole technologies or processes. 
5 The conductive tabs 32 shown in the device package 30 of Figure 3 are posts that are 

coupled to the contact sites 27 via conductive epoxy, spot welding, solder, mechanical 
fasteners or other conductive couplers. The conductive tabs 32 penetrate the conductive 
substrate 22 and insulating substrate 24 and form the device package 30 into a configuration 
compatible with thru-hole technologies or processes. 
10 One or more contact sites 27 of the device packages 20, 30 are optionally grounded 

to the conductive substrate 22, depending on the type of device 23 mounted at the mounting 
site 25, or the requirements of the system within which the device packages 20, 30 are 
included. 

In one example, the device 23 mounted on the mounting site 25 is an optical device 
15 such as an LED, photodetector or laser diode, and an optionally-included encapsulant 34 is 
covering the device 23. When included with the device packages 20, 30, the encapsulant is 
sufficiently transmissive to pass signals emitted from, or received by, the device 23 and can 
be chosen based on suitable electrical, optical, thermal and/or mechanical properties. 

In another example, the encapsulant is a cap that is positioned on the top side 24b of 
20 the insulating substrate 24 to enclose or otherwise cover the mounting site 25 and the device 
23. The characteristics and shape of the cap is chosen according to the device 23 included in 
the device package 20, 30. In the example where the device 23 is an optical device, the cap is 
lens-shaped, rectangular, or other suitable shape. 
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In another example, the device 23 is an array or cluster of optical devices that are 
mounted on one or more mounting sites 25. In other examples, the device 23 and/or 
optionally included encapsulant 34 include one or more LEDs and wavelength-converting 
material such as inorganic and/or organic fluorescent dyes suitable for forming white light 
5 emitters. 

While the embodiments of the present invention have been illustrated in detail, it 
should be apparent that modifications and adaptations to these embodiments may occur to 
one skilled in the art without departing from the scope of the present invention as set forth in 
the following claims. 
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